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APPENDIX  A: 


SOIL  SURVEY  OP  THE 

nakhon  sawan  area 


- -  n/iiN  K  KA 

INTRODUCTION 

".™~. IZ’ZTZ’. 3  £"!•"-■ 

S°“»  wore  studied  st  road  cuta  Jir  ,"*d'  lract=- 

along  drainage  channels  Borin  r°W  P1  S  and  aL  exposures 

excavated ,  usually  a  depth  ofToolT  “d*  “d  P“*  »•« 
atady  the  soU  proiiles  in  greater  detad  I  ‘reas  *° 

observations  per  square  kilometer  were  JdT ^  8  *°  10 

Detailed  field  data  were  noa^  « 

•ir  photo,  at  scale,  of  f;20,000  and  M  0“'  ‘Z  »" 

boundaries  were  tranuforr  j  t  ,  »uoo»  then  the  soil 

Army  Map  Service  topographirmaps'  al  Ph°l,°"  ‘°  Ser‘aB  *'  708 
SoU  characteristic,  for  those  a  “as  !  °f  1:50-000  ’• 

determined  by  air-photo  ini  n°  eXamined  ln  the  field  were 

were  not  av.Uable  for  a  "1,7:  ‘«h"“l“as .  Air  photo. 

Of  the  study  area  and  th  a  °ng  the  southern  boundary 

for  this  area  were  determined  by b°Undaries) 
pretation  of  the  series  L  70S  .  observation  and  by  inter- 

photos  on  scale  1:5,000  were  available^^K10  mapS’  New  air 
the  study  area.  These  nhni  °r  the  midli,e  portion  of 

certain  topographical  delaU.  and 'for"cor7"r"'>1Iiy  U"ed  f°r  checkin8 
boundaries.  correcting  doubtful  soU 

=f  Me,.r..D“LTkgMoe  ‘UrVey’  "e‘d  WOr,C  »«  ‘he  direction 

Moormann,  ptod ^  and  aIIIuT' *  ^  Or.  P.  R . 

Prof.  Santhad  Rof.na.oontW  kZZZ'v-"  *"d 

the  establishment  of  the  soU  legend.  Mr  pV'd  V  “*“ls‘°d  in 
‘he  editing  of  the  map  and  the  plep.r.Uon  J,  lL  * 

LOCATION  OF  AREA 

Central  Plal'wh'll  Ha'!  'ZTZn  H  TT  Par‘  °f  ‘hB 

converge  to  form  th«  tvt  nd  ^ae  Nam  ^ing 

g  w)  xorrn  the  Mae  Nam  Chao  Phraya.  * 

Proper  names  in  this  report  arr~sTon»d“I - - - - - . 

maps.  Port  are  spelled  as  they  appear  on  these 


WMtfrWKUrti  ilWMi 


P  radically  the  entire  study  area  is  situated  within  Nahhfan  =aw 
province;  however,  very  small  scatteroH  «  ^  an 

of  the  procinces  of  Kamphaeng  Phet,  P  hie hU^and" Uthai" Than" 

direetiog„;ra„d  fa  t iZ  “o^T'1 

and  longitudes  99°  45'  E  and  100°  30'  E.  15  55  N 

transportation  ROUTES 

Thaiiand  pats  ^ 

rrP“—  r^sr 

lh.  Northerr^^rr^rPati^T^a^^r.K"^  and 

— r — • - 

travel  throughout  the  study  are.  is  by  i'niand  wlteTw.y 

« **>•  —  *Wwr 

srs ; r-T;“  ^  “  x~::. 

-  -  rr:- 

and  the  Mae  Nam  Pine  Numor  ,  J ?  ’  th  M&e  Nam  Nan» 
canals  stem  from  t^thr! Tr1  irr‘8aU°" 
west  of  Nakhon  Sawan,  Bung  Boraphet  o  “  large  lal° 

part  of  the  study  arsa  ind 


Tppetr  folio  H  h  °P  °d  ^  m°nner  th*  Hr*‘  they 

appear  foiiowed  by  an  abbreviated  form  in  parentheses 

ereafter ,  only  the  abbreviated  form  1,  u.ed  in  the  text.’ 
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TOPOGRAPHY  AND  PHYSIOGRAPHY 

The  topography  of  the  Nakhon  Sawan  study  area  is 
predominantly  fiat  to  slightly  undulating  or  undulating.  Nearly  half 
of  the  area  is  occupied  by  the  alluvial  plains  of  the  Mae  Nam 
Chao  Phraya  river  system  (1)*.  Isolated  hills  (monadnocks) 
are  scattered  throughout  the  study  area  and  a  fairly  large  range 
of  hills  is  located  near  the  southwestern  border.  An  undulating 
peneplain  -is  found  southeast  of  Nakhon  Sawan.  A  number  of 
distinct  topographical  units  were  distinguished;  hills,  peneplains, 
terraces,  and  alluvial  plains. 

Hills 

The  following  types  of  hills  were  differentiated  on  the 
basis  of  rock  type . 

a-  Andesite  and  rhyolite  porphyry  hills.  Isolated 

andesite  and  rhyolite  porphyry  hill  formations  are  found  in  the 
southeastern  part  of  the  study  area.  These  hills  are  generally 
rounded  in  shape;  some  are  symmetrical  or  cone  shaped. 

Few  rock  outcrops  are  found  on  the  side  slopes  of  these  hills. 

Granitic  or  granodiorite  hills.  The  only  large 
hill  mass  in  the  study  area,  Khao  Luang,  located  southwest  of 
Nakhon  Sawan,  is  composed  of  granitic  rocks.  Associated  with 
this  granitic  mass  are  low  hills  of  limestone,  mica  schist, and 
phyllite .  These  hills  are  rounded  in  sjiape  and  have  characteristic 
boulder  outcrops  exposed  on  their  sido  slopes. 

c*  Limestone  hills.  Isolated  craggy  limestone  hills 
are  scattered  throughout  the  plains  and  the  peneplain  area  but 
occur  mainly  along  the  western  boundary  of  the  study  area  and 
along  the  eastern  side  of  the  Khao  Luang  granitic  hill  range . 

These  hills  occur  as  pinnacle  buttes,  with  very  steep  cliff  faces 
much  fluted  and  pitted  by  solution.  Rock  is  exposed  over  large 
surfaces  of  these  hills. 

d.  Mica  schist  hills.  The  main  occurrences  of  these 
hills  are  immediately  to  the  west  of  Nakhon  Sawan  and  directly 
south  of  Nakhon  Sawan  adjacent  to  the  southern  edge  of  the  study 
area.  These  hills  are  compoedd  primarily  of  mica  schist  and 


*  Numerals  in  parentheses  refer  to  similarly  numbered  items  in 
the  Literature  Cited  at  the  end  of  this  report. 
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quartzite;  however,  limestone  occurs  in  association  with  these 
rocks  in  the  hills  south  of  Nakhon  Sawan.  The  hills  are  normally 
ounded  and  low  and  marked  with  erosional  channels  and  V-shaped 
valleys.  Few  rock  outcrops  are  found  on  the  side  slopes. 

P  eneplains 

..  4  J.A  PenePlai«»  which  is  part  of  a  large  peneplain  forma- 

ion  extending  !o  the  south  and  east  of  the  study  area ,  occupies  a 
irly  expensive  area  southeast  of  Nakhon  Sawan.  The  topography 
ia  predominantly  undulating  but  in  a  few  places,  low  hills  protrude 
The  peneplain  is  composed  of  shallow  clayey  materials  overlying 
bedrock  and  is  often  covered  by  a  shallow  layer  of  gravelly 
reslduum.  Composition  of  the  bedrock  varies  strongly;  the  low 
‘“‘l*  are  comP°sed  of  shale,  quai  tzite ,  and  andesite. 

Terraces 

Terraces  occupy  most  of  the  western  half  and  a 
significant  portion  of  the  easternmost  part  of  the  study  area. 

^  our  classes  of  terraces  were  recognized;  they  are  discussed 
as  follows  : 

a*  Terraces  adjacent  to  hills .  These 

erraces  are  found  adjacent  to  the  limestone  hills  and  are  commonly 
composed  of  clay-textured  materials.  Marl  concretions  and  'ime- 
stone  fragments  are  also  found  in  the  higher  parts  of  these  forma¬ 
ts  in  association  with  sedentary  and  local  colluvial  materials 

Zglr7£Ty  18  “ in  iow-Iyi”g  arole  *nd 

....  b‘  terraces.  High  terraces  occur  only  in  one 

eaively  small  area  along  the  western  border  of  the  study  area, 
ey  have  a  slightly  undulating  topography.  This  higher  terrace 

^luand^  **  terrace  leVel  Northeastern 

Thailand  (appendix  E,  Khon  Kaen  study  area). 

thA  ..  C‘.  ~W  terraces-  Low  terraces  are  slightly  higher 

than  the  semi- recent  terrace  formations  and  occupy  most  of  the 

western  part  of  the  study  area.  Occurrences  of  these  terraces 
are  also  found  in  the  southeastern  part  of  the  study  area.  The 
lower  parts  of  these  terraces  are  flat  and  usually  cultivated  in 

Iround^^h  lheT  WgherParte'  including  the  colluvial  footslopes 
around  the  Khao  Luang  hill  range,  are  undulating  and  are  used 

or  dryland  crop  agriculture  or  are  uncultivated  and  overgrown 
with  low  shrubs.  cxgxown 


d.  Semirecent  terraces.  These  terraces  are  slightly 
higher  than  the  adjacent  recfent  river  plains ;  however ,  the  transition 
between  the  two  landscapes  is  usually  very  gradual  and  smooth. 

The  topography  is  flat  to  slightly  undulating.  Occurrences  of  these 
terraces  are  found  throughout  the  study  area,  but  a  large  semi- 
recent  terrace  occupies  an  extensive  portion  of  the  easternmost  part 
of  the  area. 

Alluvial  plains 

Extensive  alluvial  plains  have  been  formed  by  the  Mae 
Nam  Chao  Phraya,  the  Mae  Nam  Nan,  and  the  Mae  Nam  Ping 
and  their  tributaries.  Continuous  shifting  of  these  streams  has 
resulted  in  thw  formation  of  abandoned  channels,  oxbo ws, levees , 
and  point  bars.  Bung  Boraphet,  a  backs wamp  lake,  occupies  a 
significant  part  of  the  plains  east  of  Nakhon  Sawan.  Most  smaller 
streams  have  narrow  U-shaped  valleys  which  are  filled  with 
mafeerieis  of  varying  texture  and  composition;  the  valleys  in  the 
southeastern  part  of  the  study  area  often  contain  weathered  lime¬ 
stone  fragments. 

SURFACE  GEOLOGY 

A  large  part  of  the  study  area  is  composed  of  recent 
unconsolidated  Quaternary  deposits  with  outcrops  of  rocks  formed 
in  early  Carboniferous,  Devonian,  and  Silurian;  pre-Permian; 
Permian  and  Carboniferous;  Triassic;  and  late  Tertiary  periods*. 

Early  Carboniferous,  Devonian,  and  Silurian 

Most  of  the  rocks  formed  during  this  period  are 
phyllites  and  slates  with  quartzite  bands.  Quartzite  phyllite  rocks 
of  the  Kanchanaburi  geologic  series  (2)  are  found  near  mica 
schist  r  ocks  and  sometimes  occur  in  association  with  them. 

P  re-P  ermian 

Rocks  of  pre-Permian  origin  were  subjected  to 
metamorphism  and  are  generally  composed  of  para  schist, phyllite , 
slate,  and  some  quartzite;  however ,  intrusions  of  andesite  and 
diorite,  occurring  in  bosses  and  stocks,  are  sometimes  found. 


*  Being  quarried  for  industrial 
surfacing. 


purposes  and  for  use  as  road 
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R  ermian  and  Carboniferous 

Rat  Buri  limestone  was  formed  during  these  periods. 

It  is  a  massive,  light  gray,  crystalline  limestone  and  is  inter- 
bedded  in  places  with  shale  and  phyllite. 

Trias  sic 

Granitic  rocks,  probab'y  g ranodio rite  , are  assigned  to 
this  period.  These  rocks  are  found  only  in  the  Khao  Luang  hill 
range  and  appear  to  occur  as  a  younger  intrusion  of  the  lime¬ 
stone  and  mica  schist  formations . 

Late  Tertiary 

Andesite  and  rhyolite  porphyry  are  thought  to  have 
been  formed  in  late  Tertiary  times  and  are  found  as  stocks  and 
dikes, -andesite  appears  to  be  the  dominant  rock.  The  andesite  is 
green  or  purple  and  the  rhyolite  is  buff  or  yellow  in  color. 
Granular-textured  dioritic  and  aphanitic -textured  basaltic  rocks 

are  also  found  in  association  with  the  andesite  and  rhyolite  forma¬ 
tion.?  . 

Quaternary 

Recent  Quaterne  ry  deposits  of  river  alluvium  have 
been  laid  down  unconfoi  mably  by  the  Mae  Nam  Chao  Phraya 
river  system.  The  nature  of  the  deposits  Js  due  very  largely 
to  the  effects  of  the  Ice  Age.  While  no  evidence  of  autual  glacial 
activity  ha*  been  found  in  Thailand,  the  waxing  and  waning  of  the 
ice  sheets  in  other  parts  of  the  world  caused  climatic  changes  and 
a  rise  and  fall  in  base  level.  Alternating  periods  of  erosion  and 
sedimentation  have  resulted  in  the  formation  of  peneplains  md 
river  terraces.  The  most  recent  formations  are  the  alluvial  plains 
of  the  main  streams  and  their  tributaries. 

CLIMATE 

The  Nakhon  Sawan  study  area  has  a  tropical  savanna 
climate  (Koppen  "Aw")  with  distinct  wet  and  dry  seasons. 

With  the  exception  of  a  slightly  lesser  rainfall  in  the  western  part 
of  the  study  area,  the  climate  of  the  area  is  well  represented  by 
the  Nakhon  Sawan  station.*  The  average  annual  rainfall  for 


*  Statistical  data  were  obtained  from  the  Climatological  Division, 
Mete ro role gical  Department,  Bangkok ,  Thailand. 
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Nakhon  Sawan  is  1,187  mm.*  The  heaviest  rainfall  is  from 
May  to  October  when  the  area  is  under  the  influence  of  the  south¬ 
west  monsoon.  September  is  the  wettest  month  with  an  average 
rainfall  of  273  mm.  The  dry  season  is  from  November  to  April, 
during  which  time  periods  of  up  to  one  month  without  rainfall  are 
quite  common.  The  average  rainfall  from  December  to  March, 
the  aiain  dry  season,  is  less  than  10  mm  per  month. 

The  mean  annual  temperature  is  28.4°C  **,  which  is 
only  a  few  tenths  of  a  degree  higher  than  the  mean  annual  tem¬ 
perature  of  Bangkok.  April  is  the  hottest  month  (31.2°  C  average) 
and  December  is  the  coolest  month  (24.6°  C  average). 

VEGETATION  AND  LAND  USE 

Most  of  the  Nakhon  Sawan  study  area  is  cultivated. 

Rice  is  the  main  crop  in  the  alluvial  plains,  the  lower  parts  of 
the  semirecent  terraces,  and  the  low  terraces.  Dryland  crops, 
mfcinly  corn,  are  grown  on  the  higher  peneplain,  the  higher 
terrace  formations^  and  the  footslopes  of  the  hills.  Jute,  sugar¬ 
cane ,  and  fruit  ar?  .  grown  on  the  higher  purts  of  the  levees 
where  an  important  part  of  the  villages  are  situated.  Some  corn 

and  jute  are  also  grown  in  rotation  with  rice  on  the  better  drained 
alluvial  soils . 

Reeds,  rushes  and  bamboo  are  widespread  in  the 
lower  parts  of  the  alluvial  plains ,  especially  the  area  north  of  the 
confluence  of  the  Mae  Nam  Ping  and  the  Mae  Nam  Nan  and  the 
area  around  Bung  Boraphet.  Secondary  forests  and  shrub 
savanna  are  found  scattered  throughout  the  terraces, the  peneplains, 
and  the  low  hills.  Some  primary  forests  are  found  on  the  higher 
parts  of  the  hills.  Some  of  the  common  species  are  :  yang 
khao  (Pipterocarpus  alatus).yang  daeng  (D.  co  status)  .  krabak 
(Anisoptera  glabra)  ,  payung  and  ching  chan  (Dalbergia  sp.)  , 
ma-ka  (Afzelia  sp .  ),  takhian  (Hopea  odorata).  kathon 
(  Sandoricum  indicum )  , pradu  (Pterocsrpus  macrocarpus)  .  teak 
(^ectona  grandis) ,  and  tabeak  { Lagerstroemia  calyculata )  . 


*  1  mm  =  0.03937  in. 
**  °F  =  1 . 8°C  +  32 
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HYDROGRAPHY 

Chao  Phraya^ivei^eysten!  *  ™  by  tha  Maa 

plains  is  controlled  by  the  i'hr  "  re«lme  nt  ‘he  alluvial 

subject  to  Hocdi„g  duL"  the  h,nhma„  tStrT"“a!  ”«  •« 

“  “»  ot  the  wet  g.X0h„igh  o„  !rth  663  0t,lh<>Se  Str‘>*"a 

continuously  throughout  the  year.  d„"!  7  slr'jame  how 

tributary  streams  cease  to  flow"  and  lh"S  ^  dr/  aea9°n  amall 
Boraphet  drops  considerably!  W8‘er  1<SVel  °f  B“”S 

Ping  has  beI!nTo7iedeb7thtechond.!0l0?C  r'g'me  °f  ‘he  M“«  Nam 
Midway  between  Nakhon  Sawan  and  c^!"  0fBh™iP1'°i  Dam, 
lower  plains  has  become  less  severe  and"!  '  P‘°°dhle  °f  th* 
parts  ot  these  areas  have  been  rec!hi»  H  Sa'  Pr°lon«e<1-  »nd 
higher  plains,  the  terraces  and  th  d  "  a«ric“llure.  The 

flooding  and  have  a  low  w.'ter  table'  dTtog  ' T  7'  ”°‘  e“bie°l  ‘° 

low  terraces, although  not  flooded  by  V““nih°WeVer’ 

inundated  for  several  months  kv  t  ®  breams,  are 

paddies.  ”‘hS  by  raln  retained  in  .he  rice 

SOJL  FORMATION  ANP  PARENT  MATERIAL 

Transported  material 

—  Q c 0 nt  ri v e r  alluvium  ^ v.  , 

but  more  silty  or  sandy  materia'ls77  found1'  “7  UB“""y  ClSy,,Jr' 
and  in  the  abandoned  streams  channels  of  the  he  .r  ver  levees 
largest  concentration  of  these  sedim  t  -  alluvial  plains.  The 
main  streams  .  asdim.nts  is  found  adjacent  to  the 


materials  are  00^77^777^7!  "'""""S.  T"«» 

also  found.  They  occur  on  a  r  ’  u  coarser  materials  are 
river  aUuvial  deposits  and  terracl*  ssdil^s!  'eV61  ‘h""  r<!Cenl 

medium  to  fine  t^urldT' WeteV*  materiaIs  ^e 

-hese  deposits  are  fpund  adjacent  to  th  Sandy  deposits  occur, 
alluvial  sedimmta,  6  rece*^  and  eemirecent 
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c  •  High  terrace  river  alluvium  and  alope  colluvium. 
These  materials  are  usually  strongly  leached  and  have  medium  to 
fine  textures  ;  however ,  some  sediments  are  composed  of  m»rl  and 
are  predominantly  fine  textured.  These  latter  materials  are  found 
in  association  with  limestone.  Higher  terrace  sddiments  adjacent 
to  the  hills  and  in  the  peneplain  are  commonly  gravelly. 

Residual  material 

Residuum  and  colluviated  residuum 

a.  Andesite  and  rhyolite  porphyry.  These  materials 
•re  commonly  medium  to  fine  textured  and  contain  varying  amounts 
oi  rock  fragments;  they  often  include  materials  derived  from 
associated  rocks ,  i.e.  limestone,  diorite,  phyllite,  or  shale. 

b.  Granite  or  granodiorite .  These  materials  are 
medium  textured  with  a  considerable  coarse  sand  fraction,  and 
contain  varying  amounts  of  rock  fragments. 

c .  Limestone  and  associated  rocks  (quartz  phyllite 
or  mica  schist)  .  These  materials  are  fine  textured  and  contain 
considerable  amounts  of  limestone,  quartzite  phyllite,  or  mica 
schist  fragments.  Iron  manganese  concretions  are  often  found 
in  deeper  layers. 

d .  Mica  schist  and  associated  rocks  (quartzite 
phyllite )  .  These  materials  are  usually  medium  to  fine  textured 
and  are  normally  found  in  the  hills  or  near  rock  outcrops. 

They  may  contain  mica  flakes  and  a  variety  of  rock  fragments, 

i  j 

SOIL  CLASSIFICATION 

In  the  classification  of  soils  for  this  study,  attention  has 
been  given  largely  to  dividing  the  soils  into  series.  All  the  soils 
of  one  series  have  profiles  almost  alike  and  have  major  horizons 
that  are  similar  in  thickness,  arrangement,  and  other  important 
characteristics.  Each  soil  series  is  named  for  a  town  or  other 
geographical  feature  near  the  place  where  the  series  was  first 
mapped.  Where  soils  differed  strongly  over  short  distances ,  making 
separation  by  series  difficult,  the  area  was  mapped  as  an  associa- 
•  Soils  which  represented  a  relatively  small  area  were  sur¬ 
veyed  as  unnamed  units  . 
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T°  .°Comod.l,  minor  difference.  In  the  texture, pH,  mottling, etc  .  , 
Of  the  various  layers ,  series  were  sometimes  separated  into  *oil 
phases.  Some  of  these  soil  phases  differ  from  the  modal  series 
n  one  or  two  important  genetic  characteristics,  bat  because  of 
the  rare  occurrence  of  these  soil  phases  they  were  treated  as 
separate  phases  within  the  series  which  they  most  nearly 
resembled.  7 

clae.ffi.H  HThS  „SOilS  •i"  ‘he  Nakh°n  Sa'vln  slu<iy  ««»  have  been 
claesifted  by  .oil  series  as  defined  In  the  U .  S .  Department  cf 

Agriculture  fioil  Survey  Manual  (4)  . 

Following  the  name  of  each  soil  series, there  is  a 
symbol  in  parentheses.  This  symbol  identifies  the  mapping  unit 
on  the  detailed  soil  maps. 

For  the  sake  of  convenience ,  the  soil  survey  of  the 
e  udy  area  ha,  been  arranged  into  three  map.  which  were  com¬ 
bined  from  the  following  AMS  Seriee  L  708  map  aheeta  •• 

Sheet  I  -  No.  4957-1,  4958-1  and  -II 

Sheet  II  -  No.  5057-IV ,  5058-III  and- IV 

Sheet  III  -  No.  5057-1,  5058-1  and  -II 

Sheet  IV  is  the  key  and  gives  the  main  properties  of 
the  various  mapping  units. 

Soil  series 

Tha  Muang  (Tin).  Tha  Muang  soils  occupy  the  levees 
°ng  atream8  and  abandoned  stream  channels.  The  main 

Phravl^M8  ^  f°Und  alon«  the  Mae  Nam  Chao 

Phraya,  Mae  Nam  Nan,  M.e  Nam  Ping,  and  Mae  Nam  Torn. 

*  i  ^!!eSe  SOilS  are  WeU  to  mod- lately  well  drained  and 

orehad  Bites  for  settlement , vegetable  gardens  and  fruit 

orchards  are  commonly  found  on  these  soils.  In  some  areas 
dryland  crops  such  as  jute,  sugarcane,  and  corn  are  grown. 

Tha  Muang  soils  arc  Alluvial  *  soils  with  an  A-C  or 
Theoe  e°“8  are 

sUt  loam.  Mica  is  commonly  found  throughout  the  profile  and 
is  most  abundant  in  the  soils  adjacent  to  the  Mae  Nam  Ping. 

here  Is  an  abrupt  boundary  between  the  surface  layer  and  the 
underlying  subsoil ,  Color  in  the  .uff.ce  le  predomiLnUy  brlwn 
to  yellowish  brown.  Color  in  the  subsoil  is  dark  grayish  brown 

area  L  Mil  ar°a°  ^  br°Wn  l°  yellowish  b™wn  in  cultivated 
areas.  Mottling  sometimes  occurs  in  the  subsoil.  Values  of  pH 

are  medium  to  slightly  acid  (5.5  to  6.5).  H 
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Sapphaya  (Sa)  .  Sapphaya  soils  occur  along  the  river 
levees  in  association  with  Tha  Muang  soils.  Sapphaya  soils  are 
similar  to  the  Tha  Muang  soils  in  texture  and  matrix  color  but  are 
generally  somewhat  lower  in  topographic  position. 

These  sdlls  are  well  to  moderately  well  drained  but 
are  usually  flooded  during  the  wet  season.  They  are  normally 
used  for  growing  rice. 

Sapphaya  soils  are  Alluvial  hydromorphic  soils  with 
an  Apg-Cg  horizon  sequence.  These  soils  are  normally  loam  to 
silt  loam  but  occasionally  silty  clay  loam  is  found  below  50-60  cm 
in  depth.  The  color  of  these  soils  when  dry  is  pale  brown  or 
very  pale  brown.  Because  of  their  use  for  growing  rice, these 
soils  have  acquired  a  mottled  surface  (inverted  gley)  that  is  con¬ 
centrated  along  the  root  channels.  Mica  is  commonly  found 
throughout  the  profile.  Values  of  pH  are  medium  to  slightly  acid 
(5.5  to  6.5). 

C hainat  ( C n )  .  Chainat  soils  occupy  the  transition  zone 
between  the  levee  and  the  river  basin.  They  have  a  flat  to 
slightly  undulating  topography.  They  are  commonly  found  adjacent 
to  the  Sapphaya  and  Rat  Buri  soils  and  exhibit,  to  some  extent, 
characteristics  of  each. 

Chainat  soils  are  moderately  well  to  somewhat  poorly 
drained  and  are  mostly  used  for  growing  rice .  Some  dryland 
crops  such  as  jute  and  corn  are  also  grown. 

Chainat  soils  are  Alluvial  hydromorphic  soils  with  an 
Ag-Cg  horizon  sequence.  These  soils  are  commonly  clay  loam 
to  silty  clay  to  a  depth  of  1  m  or  more;  howevev,  a  thin  layer 
(10-30  cm  depth)  of  loam  or  silt  loam  often  occurs  at  the  surface, 
and  a  heavy  clay,  typical  of  Rat  Buri  series  soil,  is  sometimes 
found  in  the  subsoil  at  a  depth  of  70-80  cm.  Mica  is  seldom 
found  in  these  soils.  The  color  of  the  topsoil  is  grayish  brown, 
whereas  color  of  the  subsoil  is  predominantly  brown  but  is 
occasionally  yellowish  brown.  The  profile  is  mottled  throughout. 
Values  of  pH  are  strongly  acid  (5  to  5.5)  in  the  topsoil  and 
medium  to  slightly  acid  (5.5  to  6.5)  in  the  subsoil. 

Rat  Buri  (Rb ) .  Rat  Buri  soils  occupy  the  higher  parts 
of  the  alluvial  plains  and  are  usually  found  at  some  distance  from 
the  levees  and  abandoned  river  channels.  They  have  a  flat  to 
slightly  undulating  topography. 
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These  soils  are  subject  to  flooding  during  the  wet 
season  and  are  poorly  drained.  They  are  used  for  growing 
rice  and  give  moderate  yields. 

Rat  Burl  soils  are  Alluvial  hydromorphic  soils  with 
an  Ag-Cg  horizon  sequence.  These  soils  are  usually  composed 
of  clay  but  in  some  areas  a  thin  clay  loam  or  silty  clay  loam 
layer  (20-30  cm  !n  depth)  occurs.  Laterite  concretions  washed 
in  by  floods  are  o»en  found  in  the  soils  jast  of  the  Mae  Nam 
Nan  and  north  of  the  confluence  of  the  Moe  Nam  Nan  and  Mae 
Nam  Ping.  Color  of  the  surface  layers  is  usually  very  dark 
grayish  brown  (10  YR  3/2)  to  dark  brown  (10  YR  3/3); 
although  In  some  profiles  the  matrix  color  is  gray.  Color  in  the 
subsoil  varies  from  grayish  brown  (10  YR  5/2)  to  yellowish 
brown  (10  YR  6/6).  These  soils  are  mottled  throughout  the 
profile .  In  the  surface  layer  brown  to  yellowish  brown  mottles 
are  concentrated  along  root  channels.  Values  of  pH  are  strcngly 
to  slightly  acid  (5  to  6.5)  and  increase  with  depth. 

A  calcareous  phase  (Rb-ca)  of  the  Rat  Buri  series 
is  recognized  and  indicated  on  the  soil  maps.  These  calcareous 
phase  soils  are  found  in  the  alluvial  plain  between  the  Mae  Nam 
Nan  and  Mae  Nam  Ping  and  were  separated  from  the  normal  Rat 
Buri  series  becauoe  of  their  neutral  to  alkaline  reaction.  They 
occupy  slightly  lower  positions  than  the  normal  Rat  Buri  series 
and  are  subject  to  flooding  for  longer  periods  during  the  wet 
season.  These  soils  are  poorly  drained  and  are  usually  not 
cultivated  because  of  their  low  position  and  excessive  flooding. 
Bamboo  forests  are  predominant.  Rat  Buri,  calcareous  phase 
soils  are  composed  of  clay.  Color  is  very  dark  brown  (10  YR 
2/2)  to  very  dark  grayish  brown  (10  YR  3/2)  in  the  surface 
layers  and  grayish  brown  (10  YR  5/2)  or  light  brownish  gray 
(2.5  Y  6/2)  in  the  subsoil.  These  soils  are  mottled  throughout 
and  always  contain  limestone  fragments.  Values  of  pH  are 

usually  slightly  acid  (6  to  6.5)  in  the  surface  layess,but  rise  in 
the  subsoil. 

iPm), »  Phimai  soils  are  found  in  the  sbandoned 
channels  (cxbows)  and  in  the  lower  parts  of  the  river  basins. 
They  have  a  flat  topography. 

These  soils  are  poorly  drained  and  are  subject  to 
flooding  each  year.  The  Phimai  soils  in  the  river  basins  are 

used  for  growing  rice  but  those  in  abandoned  river  channels  are 
not. 
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Phimai  soile  are  Alluvial  hydromorphic  soile  with  a 
horizon  esffuence  of  Apg-Cg;  the  Apg  horizon  is  usually  well 
developed  and  humiferous.  Theee  soils  are  composed  of  heavy 
clay.  Mottling  occure  throughout  the  profile.  Color  of  the  eur- 
face  layer  (depth  80  to  30  cm)  is  dark  gray  to  black ,  whereae 
the  dominant  color  of  the  subsoil  ie  gray  to  olive  gray  (in  the 
Munsell  color  chart  notations  the  chroma  is  usually  one  or  less). 
Distinct  mottlee,  few  to  common  are  found  in  the  subsoil.  When 
theee  eoile  are  dry  they  contain  large  slickeneides  at  varying 
depthe.  Valuee  of  pH  are  usually  medium  to  elightly  acid  (5.5 
to  6.5)  in  the  topeoil  and  neutral  (6.5  to  7)  in  the  subsoil. 

F onK — LXP  )  •  Yang  Pong  soils  occupy  depressions 

and  backs wampe  of  river  baeine  and  old  river  channels  of  semi- 
recent  terracee.  A  large  occurrence  of  these  soils  is  found 
around  Bung  Boraphel.  They  have  a  flat  topography  and  a  dis¬ 
tinctive  microrelief.  Those  Yang  Pong  eoils  which  form  on  the 
eemirecent  terracee  are  aeeociated  with  Kamphaeng  Saen  com¬ 
plex  soile. 

Yang  Pong  eoils  are  continuously  saturated  with 
water  and  are  rarely  cultivated.  Some  lotus  ie  grown  on  the 
higher  parts  of  theee  eoile  but  marehy  vegetation  generally 
p  redominatee . 

Yang  Pong  soile  are  Alluvial  hydromorphic  soils  with 
an  Ag-Cg  horizon  sequence .  They  are  composed  of  heavy  clay 
and  have  a  dark  humiferous  eurface  horizon.  Reduced,  bluieh 
to  gray  eoil  layers  occur  at  a  shallow  depth.  Valuee  of  pH  are 
strongly  to  slightly  acid  (5  to  6.5). 

Chum  Saeng — (Ce).  Chum  Saeng  soile  are  found  extensively 

in  the  alluvial  plains  east  of  the  Mae  Nam  Nan.  These  eoils  are 
similar  to  the  Manorom  eeriee  but  occupy  a  lower  position  on  the 
alluvial  plain  and  have  a  weaker  profile  development  and  no  termite 
mounds.  They  have  a  flat  topography. 

Theee  eoile  are  poorly  drained  and  subject  to  flooding 
during  the  wet  season.  They  are  ueually  used  for  growing  rice 
and  give  moderate  yields. 

Chum  Saeng  soils  are  Alluvial  hydromorphic  eoile 
with  an  Apg-Cg  horizon  sequence.  These  soile  are  compoeed 
of  clay  to  a  depth  of  1  m  or  more.  Matrix  color  is  dark  gray 
(10  YR  4/1)  to  grayish  brown  (10  YR  5/2)  in  the  eurface  lay  ere 
and  pirikish  gray  (7.5  YR  6/2)  to  gray  (10  YR  6/l)  in  the  sub¬ 
soil.  Theee  eoils  are  mottled  throughout;  brown  (10  YR  5/3)  to 
yellowish  brown  (10  YR  6/8) mottles  are  concentrated  along  the 
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root  channels  in  the  surface  layers  and  fine  to  medium ,  strong , 

red  mottles  (2.5  YR  hue  or  below)  occur  below  a  depth  of  20 
to  30  cm.  Values  of  pH  are  very  strongly  to  strongly  acid 
(4.5  to  5.5) . 

Th.a _ Tako  ( To )  .  Tha  Tako  soils  are  found  along  narrow 

alluvial  valleys  in  the  eastern  part  of  the  study  area  where  streams 
cut  through  the  hills  and  the  peneplain.  These  soils  are  mainly 
formed  of  alluvium  deposited  by  the  streams,  but  near  the  foot- 
slopes  of  the  hills  they  are  intermixed  with  colluvial  deposits 
washed  down  from  the  hills.  They  have  a  flat  to  slightly  undu¬ 
lating  topography  ai.'.d  are  usefi  for  growing  rice. 

Tha  Tako  soils  are  Alluvial  and  Humic  Gley  soils 
with  a  common  horizor  sequence  of  Ag-Cg.  These  soils  are 
composed  mainly  of  clay  but  loam  is  occasionally  found  in  the 
surface  layers  to  a  depth  of  20  to  50  cm.  Limestone  fragments 
and  secondary  concretions  are  usually  found  in  the  deeper  sub¬ 
soil,  below  50  cm  in  depth.  Matrix  color  is  dark  reddish  brown 
(5  YR  3/3)  to  dark  brown  (10  YR  3/3)  in  the  topsoil  and  dark 
grayish  brown  to  olive  brown  in  the  subsoil.  Values  of  pH  are 
normally  neutral  to  mildly  alkaline  (7  to  8);  however, near  Chum 
Saeng  a  very  dark  gray  clay  with  a  pH  value  of  5.5  is  found  in 
the  surface  above  an  olive  brown  clay  subsoil  with  a  pH  value  of 
7  to  8. 


^ara  Buri  (Sb)  .  Sara  Buri  ^oils  occur  in  the  semi- 
recent  terraces  and  the  transition  zone  between  the  semirecent 
terrace  and  the  recent  alluvial  plains.  Sara  Buri  soils  are 
similar  to  Rat  Buri  soile  but  occupy  slightly  higher  positions 
and  support  termite  mounds.  They  have  a  flat  to  slightly  undula¬ 
ting  topography. 

These  soils  are  poorly  drained  and  the  lower  mem¬ 
bers  are  sometimes  flooded  during  exceptionally  high  floods.  The 
soils  are  used  mostly  for  growing  rice  and  give  moderate  yields. 

Sara  Buri  soils  are  weakly  developed  Low-Humic 
Gley  soils  with  an  Apg-Btg  horizon  sequence.  These  soils  are 
predominantly  clay  throughout  the  profile;  however,  some  profiles 
have  a  clay  loam  surface  layer  and  a  clay  or  heavy  clay  subsoil 
below  20  cm  in  depth.  Color  is  very  dark  gray  to  dark  grayish 
brown  (10  YR  3/1,  10  YR  3/2  ,  10  YR  4/2)  in  the  surface 

layer  and  dark  brown  or  yellowish  brown  (10  YR  4/3  ,  10  YR 

5/4)  below  a  depth  of  15  to  20  cm.  Brown  to  yellowish  brown 
mottling  can  be  observed  throughout  the  profile.  When  dry, dis¬ 
tinctive  cracks  occasionally  appear  at  the  surface. 
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Limestone  fragments  and  unc  consolidated  late  rite  concretions  some¬ 
times  occur  in  the  subsoil.  Values  of  pH  are  strongly  acid 
(5  to  5.5)  at  the  surface  and  medium  acid  to  neutral  (5.5  to  7) 
in  the  subsoil. 

Pathom  (Np)  .  Nakhon  Pathom  soils  occur  on  the 
lowest  parts  of  the  semirecent  terraces  and  occupy  abandoned 
river  channels  and  oxbows.  These  soils  are  found  in  the 
western  part  of  the  study  area.  They  have  a  flat  to  slightly 
undulating  topography. 

These  soils  are  somewhat  poor  to  poorly  drained  and 
the  lower  members  are  occasionally  subject  to  flooding  during  the 
wet  season.  Most  of  these  soils  are  used  for  growing  rice  and 
give  good  yields  during  normal  rainfall  conditions. 

Nakhon  Pathom  soils  are  Low— Humic  Gley  soils  with 
an  Apg-Btg  horizon  sequence.  These  soils  are  generally  com¬ 
posed  of  clay  loam  in  the  surface  layers  (15  to  20  cm  depth) 
and  clay  loam  to  clay  in  the  subsoil.  Occasionally,  sandy  loam 
to  loamy  sand  id  found  in  the  subsoil  below  a  depth  of  50  cm. 
Mica  is  unique  to  the  Nnkhon  Pathom  soils  found  in  this  study 
area  since  it  usually  is  not  found  in  these  soils  in  other  parts 
of  Thailand.  Matrix  color  is  ddrk  grayish  brown  to  dark  brown 
(10  YR  4/4  to  10  YR  6/4)  in  the  topsoil,  and  very  dark  grayish 
brown  or  yellowish  brown  in  the  subsoil.  Brown  to  yellowish 
brown  mottling  occurs  throughout  the  profile.  Values  of  pH  are 
strongly  acid  (5  to  5.5)  at  the  surface  and  neutral  (6.5  to  7)  in 
the  subsoil . 

An  acid  phase  (Np-a)  of  the  Nakhon  Pathom  series 
is  recognized  and  indicated  on  the  soil  maps.  These  soils  are 
similar  to  the  normal  Nakhon  Pathom  soils,  but  their  subsoil  pH 
to  a  depth  of  100  cm  or  more  remain  low  (4.5-5).  In  this 
respect  they  are  similar  to  Manorom  Soils,  but  they  miss  the 
distinct  reddish  subsoil  mottling  of  the  latter. 

Phet  Burl  (Pb).  Phet  Buri  soils  are  found  on  levees  in 
the  semirecent  terraces  west  of  the  Mae  Nam  Ping  and  are  very 
similar  to  Kamphaeng  Saen  soils  in  topography,  color,  and  tex¬ 
ture,  but  unlike  the  Kamphaeng  Saen  soils,  the  Phet  Buri  soils 
are  used  for  growing  rice.  Only  a  few  small  occurrences  of 
these  soils  are  found  within  the  study  area.  Phet  Buri  soils 
have  a  slightly  lower  topographic  position  than  the  Kamphaeng 
Saen  soils  and  have  a  flat  to  slightly  undulating  topography. 
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These  soils  are  moderately  well  drained  and  are  sel¬ 
dom  flooded.  They  are  cultivated  and  used  for  growing  rice  and 
give  moderate  yields  under  normal  rainfall  conditions. 

B  het  Bun  soils  are  Low— Humic  Gley  soils  with  an 
Apg-Btg  horizon  sequence.  These  soils  are  composed  of  fine 
sandy  loam  throughout  the  profile.  The  color  or  the  surface  la¬ 
yer  is  dark  grayish  brown(lO  YR  4/2)to  grayish  brown  ( 10YR5/2 ) 
but  becomes  whitish  when  dry.  The  color  in  the  subsoil  is  brown 
( 10YR5/3  )to  yellowish  brown  ( 10YR5/6  )  .  Mottling  and  mica  occur 
throughout  the  profile.  Values  of  pH  are  strongly  to  slightly  acid 
(5  to  6 . 5  ),  increasing  slightly  in  the  subsoil. 


Kamphaeng  Saen  (Ks)  .  Kamphaeng  Saen 

occupy  the  semirecent  river  levees  along  former  river 


soils 

courses 


are  found  in  the  central  and  western  parts  of  the  study  area. 
These  soils  are  old  enough  for  weathering  and  the  formation  of 
genetic  soil  ho.'izons  to  have  taken  place;  genetic  horizon  deve¬ 
lopment  varies  according  to  the  texture  and  age  of  the  levee. 

The  characteristics  of  these  soils  are  similar  to  the  Tha  Muang 
soils.  The  Kamphaeng  Saen  soils  have  a  flat  to  slightly  undula¬ 
ting  topography. 


These  soils  are  well  to  moderately  well  drained  and 
are  seldom  flooded.  They  are  excellent  agricultural  soils  (both 
ohemically  and  physically)  and  are  used  for  growing  corn, 
sugarcane,  and  jute.  Small  shrubs  and  some  rubber  trees  are 
found  on  the  uncultivated  soils. 


Kamphaeng  Saen  soils  are  Noncalcic  Brown  soils  with 
a  common  horizon  sequence  of  A-Bt  or  A-Btg.  These  soils  are 
usually  composed  of  fine  sandy  loam  to  clay  loam,  but  near  the 
stream  channels  they  are  sometime^  medium  tsxtured  or  even 
sandy  throughout.  The  color  is  dark  grayish  brown  to  dark 
brown  (7.5  YR  3/2  to  10  YR  4/2)  in  the  surface  layer  and 
brown  to  yellowish  brown  (7.5  YR  and  10  YR  hues)  in  the 
subsoil.  Weak  mottling  is  occasionally  found  in  the  subsoil  at 
depths  below  50  cm.  These  soils  always  contain  mica  through¬ 
out  the  profile  to  a  depth  of  1  m  or  more.  Values  of  pH  are 
strongly  to  slightly  acid  (5  to  6.5)  and  increase  slightly  with 
depth. 
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A  mottled  phase  (Ks-mo)  of  the  Kamphaeng  Saen 
series  is  recognized  and  indicated  on  the  soil  maps.  These  soils 
are  found  in  one  area  east  of  the  Mae  Nam  Ping  near  Ban  Maha 
Pho.  The  mottled  phase  soils  occupy  somewhat  lower  positions 
than  the  normal  Kamphaeng  Saen  soils  and  have  a  darker  colored 
topsoil  and  a  mottled  subsoil.  The  mottled  phase  soils  are  some¬ 
what  poorly  drained,  and  mast  of  them  are  used  for  growing 
sugarcane.  Small  shrubs  dominate  the  uncultivated  portions. 
Generally,  these  mottled  phase  soils  are  composed  of  loam  in  the 
surface  layers  and  clay  loam  in  the  subsoil.  They  are  occasional¬ 
ly  composed  of  loam  throughout,  and  sandy  materials  are  also 
often  found  below  the  loam  layer  in  the  subsoil  at  depths  of  more 
than  50  cm.  Matrix  color  is  very  dark  gray  (10  YR  3/l)  to 
dark  gray  (10  YR  4/ 1 )  to  a  depth  of  20  to  50  cm  and  grayish 
brown  (10  YR  5/2)  to  brown  (10  YR  5/3)  below  that  depth. 
Indistinct  mottling  and  mica  occur  throughout  the  profile.  The 
pH  value  is  6  to  6.5  at  the  surface  and  iallB  to  5  or  5.5  in  the 
subsoil. 

A  leached  phase  (Ks-1)  of  the  Kamphaeng  Saen  series 
is  recognized  and  indicated  on  the  soil  maps.  These  soils  are 
separated  from  the  normal  Kamphaeng  Saen  soils  because  of 
their  coarse-textured,  strongly-leached  surface  with  characteristics 
intergrading  toward  Gray  Podzolic  soils.  These  soils  are 

excessively  drained.  The  textural  profile  is  the  main  diagnostic 
characteristic  of  the  Kamphaeng  Saen,  leached  phase  soils. 

These  leached  phase  soils  are  composed  of  loamy  sand.  Mica 
is  present  throughout  the  profile.  Matrix  color  is  very  dark  gray 
(10  YR  3/1)  to  dark  grayish  brown  (10  YR  4/2)  in  the  surface 
layers  (20  to  30  cm  depth)  and  becomes  whitish  when  dry, and 
grayish  brown  (10  YR  5/2)  to  brown  (10  YR  5/3)  in  the  sub¬ 
soil.  Values  of  pH  vary  due  to  the  poor  buffering  capacity  of  the 
sandy  materials  but  are  usually  strongly  to  medium  acid  (5  to  6). 

Kjcok  Phra  (Kr).  Krok  Phra  soils  are  found  on  the 
lower  parts  of  the  semirecent  terraces  and  occupy  slightly  higher 
positions  than  the  Nakhon  Pathom  soils.  Occurrences  of  these 
soils  are  fotind  scattered  throughout  the  western  part  of  the  study 
area.  The  characteristics  of  these  soils  are  similar  to  the  Lampang 
series  in  the  surface  layers  and  the  Nakhon  Pathom  series  in  the 
subsoil.  Krok  Phra  soils  have  a  flat  to  slightly  undulating  topo¬ 
graphy. 
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These  eoils  are  somewhat  poorly  drained  and  are 

extensively  used  for  growing  rice  under  irrigation  and  yields 
are  good. 

Krok  Phra  so*1*  are  Low-Humic  Gley  soils  with  an 
Ag-Btg  horizon  sequence.  These  soils  are  composed  of  loamy 
san  o  sandy  loam  in  the  surface  layne  ra  (approximately  20  to 
50  cm  depth)  and  clay  loam  to  clay  in  the  subsoil.  Loamy  sand 
or  sandy  loam  textures  are  occasionally  found  throughout  the  pro- 
fde  o  a  depth  of  1  m  or  more.  Mica  is  often  found  in  the  sur- 
ace  layers  and  i»  more  abundant  in  the  sandy  profiles.  The  color 
is  ar  gray  (10  YR  4/1)  to  brownish  gray  (10  YR  6/2)  in  the 
topsoil  and  grayish  brown  (10  YR  5/2)  to  brown  (10  YR  5/3) 

“L th:/“*  Yellowish- brown  (10  YR  5/6)  to  brown  (7.5 
5/4)  mottling  occurs  throughout  the  profile  and  is  somewhat 
concentrated  along  the  root  dhann els  in  the  surface  layers. 

Values  of  pH  are  strongly  acid  (5  to  6.5)  in  the  surface ’and 
neutral  (6.5  to  7)  in  the  subsoil. 

Ubon  (Ub)  .  Ubon  soils  occupy  semirecent  remnants  which 
are  found  outcropping  in  the  alluvial  plains  between  the  Mae  Nam 
,.an  ae  Nam  Ping.  These  soils  are  somewhat  similar  to 

the  San  Pa  Tong,  sandy  phase  and  Kamphaeng  Saen,  leached 

graphy  *  SOila  h*Ve  &  **  to  slightly  undulating  topo- 

These  soils  are  somewhat  poorly  drained  and  are 
occasionally  subjected  to  flooding  during  the  wet  season.  Ubon 
soils  are  mWnly  used  for  growing  rice  but  their  low  fertility 
associated  with  their  sanay  texture  imposes  some  limitations. 

SmaU  shrubs  are  predominant  in  the  uncultivated  areas. 

Ubon  soils  are  Low- Humic  Gley  soils  with  a  common 
horlzon  sequr  ce  Qf  Ag_Btg.  A  diagnostic  characteristic  of  the 

Ubon  series  3  its  texture  which  is  loam  sand  or  sand.  Matrix 

-  gray  ^10  YR  3/l)  to  dark  grayish  brown  (10  YR 
4/1)  ui  the  surface  and  brown  (1C  YR  5/3)  to  light  yellowish 
brown  (10  YR  6/4)  in  the  subsoil.  These  soils  ire  mottled 
throughout  Values  of  pH  are  variable  due  to  the  low  buffering 
capacity  of  their  sandy  material,  but  are  usually  very  strongly  to 
strongly  acid  (4.5  to  5.5).  * 

Afenorom_(Mnj  .  Manorom  eoils  are  found  on  the  semirecent 

A?0*!  °CCUPy  a“  exten8ive  P°rti°n  ot  the  easternmost  part 

o  the  study  area.  They  have  a  flat  to  slightly  undulating  topo¬ 
graphy  and  are  occupied  by  numerous  termite  mounds. 


18 


These  soils  are  somewhat  poorly  drained  and  are 
usuaUy  cultivated  in  rice;  yields  are  moderate  under  normal  rain- 
faU  conditions.  Groundnuts  (peanuts)  are  grown  on  some  soils 
ut  yiolds  are  poor  due  to  the  heavy  texture  of  the  subsoil. 

Manorom  soils  are  Low- Humic  Gley  soils  with  an 
Ag-Btg  horizon  sequence.  These  soils  are  composed  of  clay 
loam  in  the  surface  layers  (between  15  and  40  cm  in  depth)and 
clay  or  heavy  clay  in  the  subsoil.  Occasionally,  loam  or  fine 
sandy  loam  is  found  In  the  surface  layers.  Matrix  color  of  the 
top  soU  is  dark  gray  (10  YR  4/l )  to  grayish  brown  (10  YR5/2) 
but  becomes  whitish  whdn  dry  in  some  profUes.  Color  in  the 
sub  ioil  is  gray  (10  YR  6/l )  to  light  brownish  gray  (10  YR  6/2). 
Most  of  these  soUs  have  a  granular  mulch  in  a  thin  layer  at  the 
surface  as  a  result  of  netting  and  drying.  Manorom  soUs  are 
mottled  throughout.  Brown  (10  YR  5/3)  to  yellowish  brown 
(10  YR  5/8)  indistinct  mottling  is  concentrated  along  root  channels 
m  the  surface  layers,  whereas  very  distinct  red  mottling  (2.5 
YR  or  less)  is  found  at  depths  from  20  to  50  cm.  Scattered 
lateritic  gravel  is  often  found  in  the  profiles  at  varying  depths. 
Values  of  pH,  which  are  somewhat  higher  in  the  surface  layer 
than  in  the  subsoU,  are  very  strongly  to  strongly  acid  (4.5  to 
5.5). 

Boraphet  (Bo)  .  Boraphet  soUs  occupy  an  elongated  area 
on  the  semirecent  terrace  between  the  peneplain  and  the  alluvial 
plains  southeast  of  Bung  Boraphet.  They  have  a  flat  to  slightly 
undulating  topography. 


These  soUsare  poorly  drained  and  are  mainly  used 
or  dryland  crop  cultivation;  corn  and  beans  are  the  main  crops. 
Uncultivated  areas  are  overgrown  with  bamboo  forests  or  grass. 


Boraphet  soUs  are  Humic  Gley  soUs  with  an  Ag-Bg 
or  Cg  horizon  sequenpe.  These  soUs  are  composed  of  clay  and 

WOt’  The  8urfaco  layer  <20  ^  40  cm  depth) 
R  t0  Ver/  dark  «rayiBhbrown  (10  YR  3/2) 

with  indistinct  mottling,  and  the  subsoU  is  grayish  brown  (10  YR 

/  o  gray  (10  YR  6/1).  Distinct  strong  red  mottling  (2.5  YR 
or  below)  occurs  to  the  subsoU.  In  some  areas  the  dark  surface 
layer  has  been  removed  by  erosion  thereby  exposing  the  grayish 
clay  suhsoU  with  the  strong  Xed  mottling.  Values  of  pH  are 
slightly  acid  to  neutral  (6  to  7)  or  moderately  alkaline  (8)  to 

the  surface  and  very  strongly  to  strongly  acid  (4.5  to  5.5)  in 
the  subsoU. 
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Lampang  (Lp)  .  Lampang  soils  are  found  on  the  low 
terraces  and  occupy  a  large  portion  of  the  western  part  of  the 
study  area;  smaller  areas  are  also  fouhd  in  the  southeastern  part 
of  the  study  area.  Lampang  soils  usually  have  a  flat  to  slightly 
undulating  topography, 

T^ese  soils  are  somewhat  poorly  drained  and  are  •» 
saturated  or  partly  inundated  during  the  wet  season.  They  are 
used  exclusively  for  growing  rice  and  bear  medium  yields  under 
normal  rainfall  conditions. 

Lampang  soils  are  Low  Humic  Gley  soils  with  a  common 
horizon  sequence  of  Ag-B.  These  soils  are  composed  of  loafny 
sand  to  sandy  loam  in  the  surface  layers  and  sandy  loam  to  sandy 
clay  loam  in  the  subsoil.  Clay  or  heavy  clay  is  occasionally  found 
below  a  depth  of  70  cm  and  some  profiles  are  sandy  loam  through¬ 
out.  Matrix  color  is  dark  grayish  brown  (10  YK  4/2)  to  grayish 
brown  (10  YR  5/2)  in  the  surface  layer,  which  is  poor  in  organic 
matter,  and  grayish  brown  (10  YR  5/2)  to  light  brownish  gray 
(10  YR  6/2)  in  the  subsoil;  however,  a  brownish  ( 10  YR  4/3 
or  10  YR  6/4)  color  is  also  sometimes  found  in  the  subsoil. 

Brown  to  reddish  fanottling  occurs  throughout  the  profile  and  be¬ 
comes  redder  in  profiles  with  a  clayey  subsoil.  Values  of  pH 
are  usually  very  skrongly  to  strongly  acid  (4.5  to  5.5)  but  are 
sometimes  slightly  acid  to  neutral  (6  to  7)  in  the  subsoil. 

A  clayey  phase  (Lp-cl)  of  the  Lamphang  series  is 
reegonized  and  indicated  on  the  soil  maps .  The  clayey  phase 
soils  are  separated  from  the  normal  Lampang  series  because 
®  heavy  clay  layer  in  the  subsoil  and  the  presence  of  strong, 
red  mottling.  These  soils  consist  of  heavy  clay  at  depths  between 
20  and  50  cm.  Matrix  color  is  dark  grayish  brown  (10  YR  4/2) 
to  grayish  brown  (10  YR  5/2)  in  the  surface  and  gray  (10  YR 
6/1  or  10  YR  5/1)  to  grayish  brown  (10  YR  5/2)  in  the  shbsoil. 
Mottling  in  the  surface  layer  is  brown  (10  YR  5/3)  to  yellowish 
brown  (10  YR  5/8)  and  is  concentrated  along  the  root  channels . 

In  the  heavy  clay  layer  strong  red  mottling  (2.5  YR  hue  or  below; 
occurs  and  concretions  are  occasionally  found.  Other  characteris¬ 
tics  are  similar  to  the  normal  Lampang  soils. 

A  concretionary  phase  (Lf-cc)  of  the  Lampang  series 
is  recognized  and  indicated  on  the  soil  maps.  These  soils  contain 
a  considerable  amount  of  lateritic  concretions  in  the  subsoil , usually 
below  50  cm.  The  density  of  the  late  rite  is,  however  not 
sufficient,  nor  does  it  occur  shallow  enough  to  classify  such  soils 
with  the  Sakon  or  Phen  series.  In  all  other  characterist:cs 
these  soils  a*e  comparable  with  modal  Lampang  soils. 
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Sakon  (Sk)  .  Sakon  soils  occur  on  the  low  terrace  and 
on  the  colluvial  footalopea  of  andeaite  and  rhyolite  hills  and  are 
found  in  the  southeastern  part  of  the  atudy  area.  They  have  a 
alightly  undulating  to  undulating  topography, 

Theae  aoila  are  somewhat  well  to  somewhat  poorly 
drained.  Rice  and  dryland  crops  are  cultivated  on  the  soils 
which  are  more  than  30  cm  thick.  Soils  with  late  rite  at  or  near 
the  surface  are  not  cultivated  and  are  overgrown  with  small 
shrubs . 

~>akon  aoils  are  Low-Humic  Gley  soils  that  intergrade 
with  Gray  Podzolic  soils.  These  soils  have  an  A-Bt  or  Ag-Btg 
horizon  sequence  and  usually  consist  of  dark  grayish  brown 
(10  YR  4/2)  to  brown  (10  YR  5/3)  sandy  loam  to  clay  loam 
above  a  hard  late  rite.  The  diagnostic  characteristic  of  these 
soils  is  presence  of  consolidated  late  rite  in  block  or  sheet  form 
(20  cm  or  more  in  thickness)  at  depths  of  less  than  50  cm. 

The  laterite  is  occasionally  found  in  spots  at  the  surface  but 
generally  it  is  covered  by  a  thin  layer  of  soil  between  25  and  40 
cm  in  depth.  Soils  which  are  used  for  growing  rice  are  mottled. 
Values  of  pH  are  very  strongly  to  medium  acid  (4.5  to  6). 

San  Pa _ Tong  (Sp)  .  San  Pa  Tbng  soils  which  occupy  the 

low  terracSs  composed  of  old  river  alluvium  and  some  slope 
colluvium,  are  found  almost  exclusively  in  the  western  part  of  the 
study  area.  They  have  a  flat  to  slightly  undulating  topography. 

These  soils  are  well  to  moderately  well  drained  and 
are  mainly  uncultivated.  Some  soils  are  used  for  growing  corn. 
Sparse  low  shrubs  are  dominant  in  uncultivated  areas ;  however , 
patches  of  barren  ground  also  occur. 

San  Pa  Tong  soils  are  Gray  Podzolic  soils  with  a 
common  horizon  sequence  of  Al-A2<-Bt  or  Ap-Bt.  The  textural 
B  horizon  is  weakly  expressed,  especially  when  the  soil  is  deve¬ 
loped  on  sandy  textured  sediments.  These  soils  are  composed  of 
loamy  sand  to  sandy  loam  on  the  surface  and  sandy  loam  to  sandy 
clay  loam  in  the  subsoil.  Color  of  the  surface  layer  is  very  dark 
grayish  brown  (10  YR  4/2)  to  dark  brown  (10  YR  3/3  or"  7.5 
YR  4/2  -  4/4)  and  becomes  light  gray  (10  YR  26/l)  to  pale 
brown  (10  YR  6/3)  when  dry.  The  color  of  the  subsoil  is 
reddish  yellow  (5  YR  6/6)  to  brown  ( 10  YR  3/3).  Mottling 
sometimes  develops  in  the  lower  part  of  the  profile  (between  70 
to  80  cm  in  depth).  Values  of  pH  are  medium  acid  (5.5  to  6) 
in  the  surface  and  strongly  acid  (5  to  _.5)  hi  the  subsoil. 
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A  colluvial  phase  (Sp-col)  of  the  San  Pa  Tong  series 
ifc  recognized  and  indicated  on  the  soil  maps.  These  colluvial 
phase  soils  are  composed  mainly  of  coarse  colluvial  material 
occurring  around  acid  igneous  rocks  and  resistant  limestone  hills . 
San  Pa  Tong,  colluvial  phase  soils  are  composed  of  loamy  sand 
in  the  surface  layer  and  sandy  loam  or  sandy  clay  loam  in  the 
subsoil.  Occasionally,  loamy  sand  with  medium  to  coarse 
col.uvial  fragments  is  found  throughout  the  profile.  Matrix  color 
is  dark  reddish  brown  (5  YR  3/3)  to  grayish  brown  (10  YR 
5/2)  in  the  surface  layers  and  brown  (10  YP  5/3)  to  very  pale 
browr.  (10  YR  7/4)  in  the  subsoil.  Mottling  develops  only  in  the 
lower  pafc-tc.  of  the  profile.  Values  of  pH  are  normally  strongly 
tc  medium  acid  (5  to  6);  however,  in  sandy  profiles  the  pH  may 
be  7  to  8  in  the  surface  layers  or  throughout  the  profile. 

A  sandy  phase  (Sp-s)  of  the  San  Pa  Tong  series  is 
recognized  and  indicated  on  the  soil  maps.  These  soils  are 
found  on  the  low  terraces  and  in  the  transition  zone  between  the 
high  and  low  terraces  and  are  similar  to  the  Kamphaeng  Saen, 
leached  phase  soils  (but  tio  not  contain  mica).  Some  soils 
occupy  old  levee-like  remnants.  The  San  Pa  Tong,  sandy  phase 
soils  are  composed  of  loamy  sand  throughout  the  profile.  Color 
is  dark  gray  (10  YR  4/l )  to  grayish  brown  (iO  YR  5/2)  in  the 
surface  (15  to  25  cm  depth)  and  brown  (10  YR  5/3)  to  pale  * 
brown  (10  YR  6/3)  in  the  subsoil.  Values  of  pH  are  normally 
strongly  to  slightly  acid  (5  to  6.5). 


Lat  Ya  ( Ly )  .  Lat  Ya  soils  occupy  the  high  terraces  and 
some  colluvial  footslopes  of  hills  and  occur  mainly  in  one  relatively 
small  area  along  the  western  border  of  the  study  area  near  Ban 
Bung  Lom.  Occurrences  of  these  soils  were  also  found  on  the 
peneplain  and  were  included  with  other  soils  in  an  Unnamed 
Complex  due  to  the  complexity  of  the  parent  rock.  Lat  Ya  soils 
have  a  slightly  undulating  to  undulating  topography. 


Most  of  these  soils  are  overgrown  with  forests  or 
scattered  shrubs.  Shifting  cultivation  is  practiced  on  some  soils 
and  kapok  plantations  are  occasionally  found. 


Lat  Ya  soils  are  Red-Yellow  Podzolic  soils  with  an  A- 
Bt  horizon  sequence.  These  soils  are  predominantly  coarse  sandy 
loam  throughout  the  profile;  however,  some  profiles  have  sandy  clay 
loam  in  the  sutjsoilU  Gravel  is  commonly  present  below  a  depth 

of  50  cm  in  those  which  are  found  on  the  peneplain. 
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Matrix  color  is  reddish  brown  (5  YR  4/4)  to  strong  brown 
(7.5  YR  5/6)  in  the  surface  (slightly  darker  in  forested  soils) 
and  yellowish  red  (5  YR  4/6)  to  strong  brown  (7.5  YR  5/6  )in 
the  subsoil.  Values  of  pH  are  normally  very  strongly  to  strongly 
acid  (4.5  to  5.5);  however , values  of  7  to  8  are  found  in  the 
peneplain  where  Lat  Ya  soils  are  mixed  with  limestone. 

Lop  Buri  ( Lp )  .  Lop  Buri  soils  are  found  on  the  lower 
parts  of  the  peneplain  located  in  the  southeastern  part  of  the 
study  area,  and  are  formed  on  alluvium  derived  from  limestone. 
These  soils  are  somewhat  lower  and  more  hydromorphic  than  the 
Pak  Chong  and  Takli  soils.  They  have  a  flat  to  slightly  undula¬ 
ting  topography. 

Most  of  the  Lop  Buri  soils  are  overgrown  with  bamboo 
and  shrubs.  Some  corn  grown  in  the  higher  areas,  and  rice  is 
sometimes  grown  in  the  lower  arsas. 

Lop  Buri  soils  are  Black  GrumosDls  with  an  indistinct 
A-Cg  or  Ag-Cg  horizon  sequence.  These  soils  are  generally 
composed  of  heavy  clay  of  the  montmorillonitic  type.  Lop  Buri 
soils  are  very  sticky  and  plastic  and  tend  to  swell  when  wet. 

When  dry,  they  become  hard  and  crack  deeply.  Self  mulching 
characteristics  at  the  surface  and  the  presence  of  slickensides  at 
varying  depths  in  the  soil  are  characteristic  of  this  series. 

Matrix  color  is  black  (10  YR  2/l)  to  dark  gray  ( 10  YR  4/l)in 
the  surface  layer  (20  to  40  cm  in  depth)  and  gray  (10  YR  5/1) 
or  grayish  brown  (10  YR  5/2)  in  the  subsoil.  Indistinct  mottling 
occurs  throughout  the  profile.  Fine  to  coarse  colluvial  fragments 
and  limestone  fragments  (below  80  cm  in  depth)  are  commonly 
found  in  many  profiles.  Values  of  pH  are  neutral  to  mildly 
alkaline  (7  to  8)  . 

)  •  Takli  soils  are  found  on  the  peneplain  in  the 
southeastern  part  of  the  study  area  and  also  occupy  a  small  por¬ 
tion  of  a  low  terrace  in  the  western  part  of  the  study  area  north 
of  Ban  Don  Khwang.  Some  of  these  s  oils  are  found  as  residual 
remnants  and  form  isolated  "islands”  surrounded  by  old  river 
deposits.  Takli  soils  have  an  undulating  topography. 

These  soils  are  somewhat  poorly  drained  and  most  of 
them  are  covered  with  sparse  low  shrubs  and  bamboo  forests. 
Corn  is  grown  on  some  of  the  higher  areas  and  rice  is  grown 
on  some  of  the  lower  areas. 
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Takli  soils  are  primarily  Rendzina  soils  with  an  A-C 
or  -A.-(B)~C  horizon  sequence,  but  a  few  are  Brown  Forest 
soils.  Takli  soils  are  composed  of  clay.  Matrix  color  is  very 
dark  gray  to  gray  ( 10  YR  3/l  to  10  YR  5/l)  in  the  surface 
layer  (approximately  30  cm  in  depth).  A  whitish,  soft  limestone 
occurs  at  varying  depths  in  the  subsoil.  In  some  soils  hard 
limestone  is  encountered  below  a  depth  of  40  to  50  cm.  Takli 
soils  have  a  high  base  saturation  and  are  very  sticky  when  wet; 
self- mulching  characteristics  are  present  at  the  surface.  Values 
of  pH  are  neutral  to  mildly  alkaline  (7  to  8). 

Chong  (Pc)  .  P ak  Chong  soils  are  found  in  the  pene¬ 
plain  and  on  some  colluvial  slopes  adjacent  to  the  limestone  and 
predominantly  andesite  hills  which  are  located  south  and  southeast 
Nakhon  Sawan.  Pak  Chong  soils  are  Red  Brown  Farths 
that  intergrade  with  Brown  Forest  soils.  These  soils'  have  a 
common  horizon  sequence  of  Al  (Ap)-A3-Bt.  or  A-Bt;the  Al 
(Ap)  horizon  seldom  exceeds  20  cm  in  depth.  Consistence  is 
hard  in  the  topsoil  and  firm  in  the  subsoil  when  dry,  and  sticky 
and  plastic  when  wet. 

All  Pak  Chong  soils  within  the  study  area  were  sub¬ 
divided  into  two  phases,  a  colluvial  phase  and  a  shallow  dark 
phase.  The  modal  Pak  Chong  soils,  surveyed  in  the  Lop  Buri 
study  area  (app.  B)  do  not  occur  here.  Occurrences  of  these 
two  phase  are  indicated  on  the  soil  maps  and  the  important 
characteristics  of  each  phase  are  described  below: 

—  Pak  Chong ,  colluvial  phase  (Pc-col)  soils  are  formed 
on  colluviated  residuum  from  the  limestone  hills  and  occupy  only  a 
small  area  along  the  southern  edge  of  the  study  area.  They  have 
an  undulating  to  rolling  topography. 

These  soils  are  moderately  well  to  well  drained  and 
are  generally  not  cultivated.  They  a::e  usually  overgrown  with 
small  shrubs.  Corn  is  grown  on  the  few  soils  which  are  cultiva¬ 
ted  . 

Chong,  colluvial  phase  soils  are  composed  of 
clay  loam  in  the  surface  and  clay  in  the  subsoil.  Matrix  color 
is  dark  reddish  brown  (2,5  YR  3/4)  to  reddish  brown  (5  YR 
4/4)  in  the  surface  layers  and  red  (2.5  YR  4/6)  to  yellowish 
red  (5  YR  4/6)  in  the  subsoil.  Light  olive  brown  mottling  is 
occasionally  found  in  the  subsoil  at  depths  below  40  cm.  Colluvial 
fragments  composed  of  limestone  and  other  basic  materials  occur 
throughout  these  soils  and  increase  in  size  with  depth.  Values  of 
pH  are  neutral  to  mildly  alkaline  (7  to  8)  in  the  surface  and 
slightly  acid  (6  to  6.5)  in  the  sbbsoil. 
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Pak  Chong,  shallow  dark  phase  (Pc-sd)  soils  are 
found  on  the  peneplain  southeast  of  Nakhon  Sawan.  They  have 
a  slightly  undulating  to  undulating  topography. 

These  soils  are  well  to  moderately  well  drained  and 
are  mainly  used  for  dryland  cultivation;  corn  and  castor  beans 
are  the  main  crops.  Bamboo  and  small  shrubs  are  scattered 
throughout  the  uncultivated  areas. 

Pak  Chong,  shallow  dark  phase  soils  are  composed 
c  clay.  Matrix  color  is  very  dark  gray  (5  YR  3/1)  to  dark 
grayish  brown  (5  YR  3/2)  in  the  surface  layer  and  dark  reddish 
brown  (5  YR  3/4)  or  reddish  brown  (5  YR  5/4  or  5/3)  in  the 
subsoii.  These  soils  generally  contain  limestone  fragments  at 

depths  below  50  to  70  cm.  Values  of  pH  are  neutral  to  mildly 
alkaline  ( 7  to  8 )  . 

Nakhon  Sawan  (Ns>.  Nakhon  Sawan  soils  occupy  areas 
adjacent  to  the  mica  schist  and  limestone  hills  sutrth  of  Nakhon 
Sawan*  These  soils  are  composed  of  colluviated  residuum 
derived  primarily  from  mica  schist  but  also  from  limestone ,  shale 
and  quartzite.  They  have  an  undulating  to  rolling  topography. 

a  on  Sawan  soils  also  occur  in  association  with  Tha  Yang 
soils.  6 

These  soils  are  well  drained  and  are  mainly  over¬ 
grown  with  low  shrubs  and  bamboo.  Some  dryland  crops, 
main  y  corn,  are  grown  on  the  more  moderately  drained  soils. 

u  ,  ^akhon  Sawan  soils  are  Reddish-Brown  Lateritic 

soUs  .hat  intergrade  to  Red  Brown  Earths.  The  common  hori- 
zon  sequence  is  A-Bt.  The  soUs  are  composed  of  loam  in  the 
surface  (15  to  20  cm  depth)  and  clay  loam  in  the  subsoU;some 
profiles  are  composed  of  clay  loam  throughout.  Colluvial  gravel 
is  usually  found  in  the  deeper  subsoU  below  approximately  60  cm. 

he  color  of  the  surface  layer  is  dark  reddish  brown  (2.5  YR 
3/4)  to  dark  bxfown  (5  YR  3/2).  Matrix  color  ir.  the  subsoU 
a  dark  red  (2.5  YR  3/6)  or  yellowish  red  (5  YR  4/6). 

Values  of  pH  vary  locally  from  medium  acid  to  neutral  (5.5  to 
*  /  • 

•  Li  soils  are  found  on  colluviatdd  residuum  derived 
rom  shale,  phyUite,  and  andesite  and  occur  only  in  one  small 
area  surrounding  Khao  Samuk  (hill)eaet  of  Lat  Yao.  They  have 
an  undulating  to  rolling  topography, 

JA  soUa  are  well  drained.  Vegetable  gardens  and 
fruit  orchards  abound  on  these  soils . 
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Li  soiIa  are  Reddish-Brown  Lateritic  soils  with  an 
,  Bt  horizon  sequence.  These  soils  are  composed  of  clay 

T  «r  T  ^Urface  Iayer  {3°  t0  40  Cm  dePth>  and  clay  in  the 

subsoil  Colluvial  fragments  and  lateritic  concretions  are  found 

r°Ug  °U  he  profile’  but  are  more  concentrated  in  the  subsoil 
at  depths  below  70  cm.  The  deeper  subsoil  is  often  resistant 
to  auger  penetration.  Matrix  color  is  yellowish  red  (5  YR  4/6) 
m  the  surface  layer  and  red  (10  R  4/6)  in  the  subsoil.  The 
pH  is  commonly  slightly  acid  (6.5). 

Th»  Yang  (Tyj,  Tha  Yang  soila  are  shallow  soils  on 
s>ony  colluvium  and  residuum  from  acidic  rock,  end  occupy  low 
hills  and  knolls  (with  a  slops  of  leas  than  15  percent)  in  the 

southeastern  part  of  the  study  area.  They  usually  have  a  rolling 
topography.  B 

Most  of  these  soils  are  uncultivated  because  of  their 
shallow  depth  and  stony  character.  Dryland  crops  (corn  and 
castor  beans)  are  grown  only  where  deep,  -  soils  are  found. 
Small  shrubs  and  bamboo  are  the  dominant  vegetation  on  the 
uncultivated  soils. 

Tha  Yang  soils  are  predominantly  Red-Yellow 
Podzolic  soUs,  (occasionally,  Lithosols  are  included  in  this  series) 
with  an  A-Bt  or  A-C  horizon  sequence.  These  soils  are  com¬ 
posed  of  gravelly  sandy  loam  at  the  surface  and  gravelly  sandy 
clay  loam  in  the  subsoil ;  numerous  rock  fragments  are  found  at 

UK  r\50  Cm  111  depth-  These  Boils  are  usually  covered 
with  thin  layers  of  gravelly  soil  material  to  depths  between  20 

T  H  Z  TV  JIT*  °f  PH  18  USUa1^  Ver^  to  strongly 

cid  4.5  to  5.5)  {however, values  of  7  to  8  in  the  subsoil  are 

occasionally  found  in  tho.e  soils  which  are  mixed  with  limestone . 

OTHER  MAPPING  UNITS 
Associations 

Kamphaeng  Saen  and  Phet  Buri(Ks/Pb).  This  associa¬ 
tion  covers  an  area  of  mainly  composed  of  Kamphaeng  Saen 
soils  with  scattered  patches  of  Phet  Buri  soils  under  rice. 

e  topography  is  slightly  undulating;  the  Phet  Buri  soils  are 
situated  in  the  relatively  low  parte  of  the  area .  Kamphaeng  Saen 
soils  are  under  uplandcrops  and  sbrUbs. 
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L_«»np»ng  and  San  Pa  Tong  (Lp/Sp).  This  association  . 
consists  of  higher  "islands"  of  San  Pa  Tong  soils  surrounded 
by  lower  Lampang  soils .  The  topography  is  flat  to  slightly  undu¬ 
lating.  .  San  Pa  Tong  soils  are  overgrown  with  forests  and 
scattered  shrubs.  The  Lampang  soils  are  used  for  growing 
rice . 

Tha  Yang  and  Nakhon  Sawan  (Ty/Ns)  .  This  association 
is  found  on  the  footslopes  of  the  mica  schist  and  limestone  hills 
south  of  Nakhon  Sawan  and  consists  mainly  of  Tha  Yang  soils. 
The  topography  is  undulating.  These  areas  are  of  little  agri¬ 
cultural  value  as  most  soils  are  shallow  and  stony , although  some 
dryland  crops  are  grown  on  Nakhon  Sawan  soils. 


Complex  soils 

Unnamed  complex  (Uc).  This  unit  consists  of  Tha  Yang, 
Lat  Ya,  Takli,  Pak  Chong,  shallow  dark  phase,  Nakhon  Sawan, 
and  a  topographically  high  variant  of  Lampang  soils  occurring  in 
a  complex  pattern  of  areas  which  are  too  small  to  be  mapped 
individually.  These  soils  are  fonnd  on  the  peneplain  southeast  of 
Nakhon  Sawan  and  have  an  undulating  topography  with  distinct 
micrereUef  features.  These  soils  have  a  complex  intergrated 
pattern  of  rock  types.  Dryland  crops  (mainly  corn)  are  grown 
on  the  dryer  soils  with  higher  elevations  and  rice  is  grown  on 
the  hjrdlromorphic  soils.  Small  shrubs  and  grasses  are  pre¬ 
dominant  ir)  other  areas  . 

complex  (Ac).  This  unit  (unnamed)  is  composed 
mainly  uf  Tha  Muaag,  Sapphaya,  Chainat,  Rat  Buri,  Phimai,and 
Yang  Pong  soils  occurring  in  association  with  eahh  other  in  areas 
which  are  too  small  to  be  mapped  separately.  This  complex  is 
almost  exclusively  found  in  the  alluvial  plains  between  the  Mae 
Nam  Nan  and  Mae  Nam  Ping  and  west  of  the  Mae  Nam  Chao 
Phraya.  The  river  levees  and  abandoned  stream  channels  in 
these  areas  create  a  strong  microrelief.  Alluvial  complex  soils 
are  usually  net  cultivated;  however,  in  some  areas  rice  and 

vegetatbles  are  grown.  Marsh  vegetation  and  a  few  opiall  shrubs 
are  dominant. 


Slope  complex  (Sc)  .  This  unit  consists  of  a  complex  of 
unnamed  soils  on  steep  slopes  of  the  hills .  They  are  predominantly 
shallow , stony ,  Red- Yellow  Podzolic  soils,  Reddish-Brown 
Lateritic  soils ,  Red- Brown  Earths,  Brown  Forest  soils  and 

Lithosola.  Forests  of  various  types  are  predominant  throughout/ 
this  unit . 
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Subdivisions  have  been  made  according  to  the  parent 
material  as  follows: 

Sc-li  soils  are  found  on  craggy  hills  of  hard  limestone 
with  many  rock  outcrops.  These  soils  are  aseciated  with  Pak 
Chong  soils. 

Sc-an  soils  are  formed  on  rounded  hills  of  andesite 
and  rhyolite  porphyry  with  few  rock  outcrops.  They  are  mainly 
associated  with  Pak  Chong  soils. 

Sc-ma  soils  are  formed  on  low  rounded  hills  of  mica 
schist  and  associated  rocks  with  few  rock  outcrops.  They  are 
associated  with  Nakhon  Sawan  soils. 

Sc-al  soils  are  formed  on  acid  igneous  rocks ,  mainly 
granodiorite ,  granite,  or  diorite.  They  form  rounded  hills  with 
few  rock  outcrops  and  are  associated  mainly  with  Tha  Yang  soil3 . 

Sc-ma-li  (bi)  soils  are  found  on  rounded  hills  of 
complex  rocks ,  mainly  mica  schist  with  limestone ,  and  some 
basic  intrusions.  There  are  few  rock  outcrops.  These  soils 
are  associated  with  Pak  Chong  and  Nakhon  Sawan  soils. 

Kamphaeng  Saen  Complex  (Ks-c).  This  unit  is 
composed  mainly  of  Kamphaeng  Saen,  leabhed  phase,  Nakhon 
Pathom,  Phet  Buri,  Phimai,  and  Yang  Pong  soils.  It  is  a 
complex  of  soils  of  old  river  levees  and  abandoned  channels  in 
the  semirecent  terraces.  They  occur  in  east- west  strips, 
beginning  south  of  L<at  Yao  and  passing  north  of  Khao  Luang 
hill  range  to  the  alluvial  plains  of  the  Mae  Nam  Ping.  Only  the 
lower  members  of  this  unit  are  subject  to  flooding.  Dryland 
crops  are  grown  nn  these  soils  outside  the  depressions ;  rice  is 
grown  on  these  soils  in  some  depressions  whereas  others  are 
abandoned  to  marshy  vegetation. 
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Bjn  Wonf  F*KrO»9  Mn 


BqoMuo*  Thu 


Bor  Cnlp 
Yao  Trt 


lBobHuoI  TMoa(l) 


SnHooi  Vol 


Huai  Tb*4  Toi 


BanPhol  KB 


Xfci0"J 


WnCMfeRtf  (I) 
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soil  SERIES  AND  PHASES 
Rtcgnj  River  Alluvium 


T  m 


Cn 


Rb 


Pm 


Yp 


Cs 


To 


Tha  Muong  series 


Choinof  aeries 


Rot  Burl  series 


Phimoi  series 


Yong  Pong  series 


Chum  Soeng  series 


Tho  Toko  series 


Ttrroce  -Alluvium  ond  Slope  Colluvium 


Sb 


Np 


Mn 


Soro  Buri  series 


Nokhon  Pbthom  series 


Moneroei  eerie* 


•o 


Lp 


Borapfcef 


Leap***  eerie* 


k'-fc/a 

IMS* 

Sakon  series 


Son  Pa  Tong  strict,  colluvial  phase 


Residuum  ond  CoKuviotod  Residuum 


Pak  Chong  colhivlcl  phase 


Tho  Yang  series 


Unnomed  complex 


AlfilVIal  complex 


Slope  complex 


MHflN 

gpgiP 

v-»  ye£g^5  '  WSji 

«$&x.*V-  *f 

W  til 

«£.->■  vt 


.  5§r  V# 


Str»cm  and  crtck 


l.v; . , 

X.  rtr 

K,  t..  ^•••- 

1  **  •*•.•. 

1 'k,>  . 
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* 
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Bon  Tho  Sum (3 


Bon  Rong  Kikoin 


•on  Hon 9 No 


•on  Non|  Noon 


tang  i(hao 


Bon  H’jjf  T> of>*n N u a 


Von  Hon  TfctnA 


Hoo  Phluang 


ampmoe  tha  r«o 


>Bon  Dot  To  Mol 


Bon  HuoThanon  (I) 
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*  *\  '■■  *• 


Railroad  <altv«>«d) 


<r 

s  rfA 

h  S  j-i 

*-  *£• 


Urban  road  and  military  strait 


«•<  *i  ' 4  ■'  •  ?; ,.  [ 

•J*  «.  r  ,  .'r-  *• 

^  v.-\ 
i  r  « '  •■  'V>.  ’  ‘ 

iffte: . 

»v.  if 


Rlvor 


Rood  undtr  construction 


Track  and  footpath 


hono'i(i) 
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EXPLANATC 


Symbol  and 


Parent  material 


Formation 


So  Soppto/a 


fod  (  hy4romofptiic  ) 


Cn  Chomof 


Alluviol  toil  (  hydromorphic  ) 


Racanf  rivar  alluvium 


Alluvial  ul  (  r  ydrumo-phic  ) 


Nacant  rivar  alluvium 


AAmaol  foil  (l.ydromorpftfc  ) 


Alluvld  toil  (AydrarnorpAib  ) 


Alluvial  tod  ( hydmmurpoic  ) 


Aaeaot  rivar  olluvium 


Alluvium  and  colluvium 


Sfmiroeonl  rivar  alluvium 


Samir* cant  rivar  alluvium 


Sami  root  of  rivar  alluvium 


Sami  recant  rivar  alluvium 


*«mi r oeonf  riva *  alluvium 


eree  P*ds»Hc  tan 


Nad  *  nyifu  Podiotit  tod 


Coiluv'uM# 


naodvlna 


turn 


i } 


NATORY  LEGEND  FOR  THE  SOILS  OF  MERS  NAKH 


iterial 

Land  form 

alluvium 

Rivar  lavats 

alluvium 

Rivar  lavats  and  tavoa-basin 

transition 

lluvium 

Rivar  lava* -basin  transition 

lluvlum 

Rivar  basin 

lluvium 

Lowor  part  at  rlvor  basin 

olluvium 


clluaium 


alluvium 


alluvium 


Daproasion*  ar  toekavomps 


Rivar  bavin 


Topography 


Flat  ta  (lightly  undulating  , 
(light  slap*  ta  tha  basin. 


slight  slope  to  th*  basiiv 
Flat  ta  slightly  undulating 


Flat  to  (tightly  undulating 
Flof 


Flat 


Flat 


Vollays  of  crash s ,  foot  slopes 

of  predominantly  llmaston#  hills  Pla*  ,0  *l,9h,|y  unAiloting 


alluvium  Lower  port  of  s«mir*c«nt  tgrroca  Flo  I  ta  slightly  undulating 


alluvium  Lovrar  port  of  samiracanf  tarraca  Flat  to  slightly  u  ululating 


Somiracont  rivar  lavats  Flat  to  slightly  undulating 


alluvium  Old  and  Umiracant  rivar  lavaas  Flat  to  slightly  undulating 


Samlraoant  tame*  I  Flot  to  slightly  undulating 


Samir* cant  tarraca 


Sami  meant  tarraca 


Samlraeaot  tarraca  ~ 
panaplama  transition 


Law  tarraca,  partly  callu 
via  tad. 


Flat  to  (tightly  undulating 


Flat  ta  slightly  undulating 


Flat  to  slightly  unAitating 


Pot  to  sllghly  undulating 


Slightly  undutottof  tp  undulating 


Flct  to  slightly  undulating 


Genetic  soil  horizon  Textural  profile 


Sandy  loam, loom, or  silt  laam 


Laam  to  silt  loam 
Clay  loam  to  silty  clay 
Clay 
Clay 
Clay 
Clay 

Laam  ar  clay 


Apg  —  Btg 
Apg  -  Big 


Apg  -  Btg 
A  —  Bt  or  Big  Fin*  | cam  to  cloy  loom 


Laamy  sand  ta  sandy  loom 
Ag  -  iq  (<p)  oy#r  c|Qy  |O0m  ^  day 


Ag  —  0 1  g  (  f )  Sand  to  loamy  oand  throughout 


Btg  (  )  Clay  loam  ovar  clay 


Clay 


and  msiduuml  Mi®r'  ,«rr0ei .  colluvial 

1  slop** 


Pan*  plains 


Psnoplaint 


Colluvtol  slopes 


Pan*  plains 


Colluvial  stop#* 


Flat  to  slightly  oduMting 


Undulating 


Undulating  to  rolttaf 


Slightly  undulating  to  umtotaft 


! 

Unduloting  '■  ratling 


Ag  -  Bg  or  Cg 


A-Bt  or  Ag- Btg.MtOrlta  pon  Sandy  loam  to  ctoy  toom 


_  Lomy  sand  tu  sandy  loo 

Al  “  At  —  Bt  Cvrooh  )  Or  Ap  —  Bt  .  .  .  . 

sandy  loom  to  sandy  day 


Bt  I  tondy  loom 


A— Cg  or  Ag  -  Cg  (indtotmet)  Clay 


—  C  or  A-(B  )-C  Cloy 


_  Uamy  sand  to  sondy  Ipom  ovar 

3  |  sandy  loom  to  sondy  cloy  loom 


Lomy  sand  to  sondy  loom  ovtt 
sondy  loom  to  sandy  day  loam 


IB 


Al  (ap  )— A3-Bt  or  A  —  Bt  I  Cloy  loom  ovar  cloy 


unrfcfattng  Al(Ap)-A3-Bt  or  A  -  Bt 


Clay 


Loom  ovar  cloy  loam 
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1 


*  Gley 

>om  if  present,  only  in  sub  soil 
Mottled  throughout 
aY  Mottled  throughout 

Mottled  throughout 

Mottled  throughout 

Bluish  reduction  below  the 
surfoce  luyer 
Mottled  throughout ,  very 
_  distinct  strong  red 

Mottled  throughout 


Mottled  throughout 
Mottled  throughout 
j  Mottled  throughout 

lm  |  !f  present, only  in  subsoil 

Mottled  throughout  I 


Mottled  throughout 

Mottled  throughout ,  very 
distinct  strong  red  mottled 

Mottled  throughout  .distinct 
strong  pd  mottles 


Mottled  throughout, very 
distlnef  lo  distinct  strong  rod  mo. 


Mottled  throughout  only  in 
rlr-e  lend 


Diagnostic  characteristics 

Colors  below  i— — — — 

.  A  horizon  _ P  H 

Dark  grayish  brawn  or  brown 

to  yellowish  brown  5  5  ~  6  5 

Pole  brown  or  very  pale  5  S  —  6.5 

_  .  Surfoce  5  —  S~5~ 

Brown  to  yellowish  brown 

_  Subsoil  6  5  -7 


Grayish  brown  to  yellowish  5  _  6.  5 

Oay  to  otive  gro,  ■  Sur,0C#  5  5'  *  6 T*_ 

- _ - Subsoil  6  5  -  1 

Bluish  to  gray  5  _  g  5 

P'nklsh  gray  to  groy  4  5  _  5  « 

Dork  groyish  brown  to  olive  7  ~L  * 

brown  8 


Dork  brown  or  yellowish  brown  Surloce  5  —  9-9 

- - ...  _ _ _ _  Subsoil  55—7 

very  do-k  giiyis*.  brown  or  Surfoce  5 

y«:iowish  brown.  „  _ 

- - - - - - - - Subsoil  6  5—7 

Brown  to  yellowish  brown  5  ~  6  5 

_ _  increase  with  depth 

Ye  He  wish  brown  to  brown  5  -  6  5 

- - _  increoee  with  depth 

Grayish  brown  to  brawn  Surfoce  5  —55 

- - - Subsoil  0  5-7 

Brown  to  light  yellowish  brown 
•roy  to  light  brownish  grey 
Grayish  brown  to  gh.iy 


Griyish  brown  to  light 
brownish  gray 


t#  presont.onty  in  subsoil 


OiT'k  groyish  brown  to  brown 
Reddish  yeliow  to  brown 
'Milo wish  md  to  strong  brown 


l«*..inct  mottling  throughout  Sroy  to  groyieh  bbown 


•f  present  only  m  subsoil 


Gray  to  dark  gray 
Red  to  yellowish  red 


Dork  reddish  *own  or 
reddish  brown. 


Oflrh  rod  t9  yoNowtok  md 


i  Other  characteristics  1 

)n loins  mica  throughout  the  profile  ,  mica  ^ 
ong  Mae  Norn  Ping 

ontolns  mico  throughout  the  profile 

ico  seldom  found  in  this  toil 

b-co  calcareous  phase,  pH  6  —  6  5  S 
igmentt  on  the  surface  • 

•me  profiles  show  red  mottles  n  me  subsa 

pth 

ooded  nearly  Ihroughouf  m*~yior^in  some~| 
svejs  are  found  in  the  surfoce  layer 

certo.neases  Cs  soils  are  slmHor~ito W 
ferentioted  by  topography  ,  me  lower  port 
ck  fragments  of  limestone,  quortzlt*  ond  I 
i  found  in  some  oreo 
mporoble  to  Rb  soil ,  but- found  in  higher  p 
locioted  with  termite  hills 
iw  soih  with  cooTif  ( 

,sa Intend y  loam) ore  olso  odmitted.  Np-o  ocid  p 

nporcble  with  Ks  soil  ,  but  used  tor  rice 

I :  leached  phase  (k>omy  sand  .mica  ,dofk  surface  wi 
no  mottled  phase, loam  to  cloy  loom  .do*  surfoce 

ly  contains  mico  at  the  surfoce.  The  profiles 
testure  throughout  ore  olso  odmitted  In  to 

prof^e'0^**  t0  Sp~*  ond  ucs  for  ri.,  , 

?.*  *o5l»^^tuote<rin“h,gh*rp0. 
teTtvdm^0ir'^^,,(h,*li9h,’y  "«h»  »•*»«*  i 

-Dettordrgmqgo  ond  ofttn  oronular  struet.ir.^ n_the_ 
Surfoce  layer  comparable  to  Lb  p nd  sub  surface  coiy 

Lp-cc  Concretionory  phase ,gmun<f wafer  lotorite 

Cloy  fepm  20- 

Pon  of  hord  loterite  occur*  at  less  than  50  c 
sometimes  loterito  oephsod  ot  the  eu.foc* 

Sp-s  Sandy  photo, looey  Mnd.for^roto*  is 
Sp-ool  •  colluvial  phase,  Rdmy  send  with  mettled 


Residuum  in  areos  raised  with  limestone  ,hjgh  pH  v 


Selfmulching 

"  SU'fOCO 

Shallow  layer 

of  morly  limestone  benoaftttw  dork  hs 

L  mas  ton* 

fragments 

throughout 

U  me  stone 

fragments 

btlow  50  -70  cm. 

Other  characteristics 


Dominant  londuse 
or 

Vegetation 


5  5  —  65 

5  5  -  6  5 

»  5  -  V  5~ 

I  6  5-7 

5  —  6  5 

>  5  5-65 

i  6  5_-  r 

5  —  6  5 

4  5  -  5  5 

7-8 

5  -  8  9 

_5_  5  -J _ 

5-5-5 

6  5  -  J  _ 

5  -6-5 

•ose  wi'/»  depbh 

5  -  f,  5 

eo*e  win  depth 

5  -  5  5 

6  5-7 


-CO  mo.,  obuodao.  Mo m,  .om. 

along  Mae  Nam  P.no  ...  * 


l^long  Mae  Nam  Ping. 

Contains  mica  throughout  the  profits 

Mica  seldom  found  m  this  sail 


orchords  *  drylard 


Rice  and  some  O', land  crept, 
corn ,  jute 


Rb-ca  :  calcoreous  phase,  pH  6  -  6  5  Some  limestMw 

flagments  on  the  surtoce.  Mostly  rice ,sorti*  bamboo  forest 

Some  profiles  show  red  mottles  in  IhT^b^oTl  ^varying  — 

-  ^*P ^ ■  Marshy,  and  some  dee 

rioodod  o„VSW,booTm. 

-  found  '"J^jotfoce  layer  growing  0„  ^  u0f)#r 

In  eertaincoses  Cs  sod.  or.  Jlmllar  ta  Mn  soil  but  they  <re 

-  <*fft'«"tioMd  by  fapogrophy  ,  the  tower  part  being  Cs  soils  Rice 

Rock  fragments  of  limestone,  quartzite  and.  latent*  gravels - - - 

ore  found  in  tame  area  Rice 

Comparable  ta  Rb  soil ,  but-  found  in  higher  position  and  *  ~ 

ossocioted  with  termite  hills  Rice 

Som«  so.b  with  coarser  t«tur.  ^  ( loonT)  onTl^r^n  ~ 

hi^sal^sandy  loom) ore  also  odmltted.  Np-a  acid  phase,  pH  subeo*  Rice 

Comparable  with  Ks  s.-i|  ,  but  used  for  rice  Ric# 

Meshy  contain:)  mica  of  the  surface  The  profiles  with  sondy  - - - 

loam  texture  throughout  ore  also  admitted  In  fa  this  series  Rice 


5-55 


5—55 


5-5  5 


-  5  5 


goXr°bl*  *  SP'$  and  im  for  rice,  nom.ee  in  the 


5  -55 

5  -  5  5 


dotTl  «°th#r.'r0J;I  *£!*  1*  *!*?*•<>  in  *"9**  portion  and  oswT^t 

-bettered raingge  and  often  <m^'tor  ?tr!!e’ Vre^iV ^ne ' "s^rfc cV *  Mo,,lf  ,ic*  .»"»  ground  nuts 

Surfoce  layer  comporable  la  Lb  /md  sub  surface  comporabts  to  Cs  Dryland  craps ,corn,  om  beons, 

Lp-cc  Corn:  ration  ary  phase, ground  woter  loterite  beisiTsOcm — - 

phase, heavy  cloy  f«pm  20-50 on.  very  Fice  and  some  bamboo, shrubs 

Pon  of  hard  lof.rlt.  oc«.r,  0f  less  than  50  cm.de^  Shrubs,  some  rice  ond'd-^T 

sometimes  loterite  eeg&mJjt  ffi.  surhr.  —  _ _  4-yiand 

Sp-e  Sandy  phase, loomy  smsd.cempecelMe is  tte-t  but  no  mice* - 7T\  . - 

_Sp-col  ■  colluvial  phase,  bemy  sand  with  mettled  sobsoN  dryla^’^I"  °  *  "*"* 

Residuum  in  areas  mixed  vdth  limestone  >high  pH  volues  become  '^TirTiTTITu  I - T  7 - 

of  mixing  ptifc'fanettone  ore  odmltted. 

■ -  - —  -  r-  -  1-  1  Km>  ROpOR 


Self  muiching  surface 


Bomba#, shrubs  end  tome  corn 


-  8 


-  6  5 


—  8 


I  Shallow  layer  af  marly  limes  tens  be  iso*  the  dork  heavy  dev  sur^J  cor,>*  oom*  shrubs 

t - - - - -  |  dnd  hem  boo. 


Limestone  fragments  throughout 
Limestone  fragments  beiew  50  -70  cei. 


Shrubs  and  corn 

•  Cem  .castor  beans,  bembea 
and  shrubs 


Bombae  •  Aruba,  seme  cor* 


Lon  -  Humic  Gloy  ooil 


Semirecvnt  nver  alluvium 


Loe  -Humic  Gloy  Mil 


NoneolC'C  Brown  ^ 


itm  -Humic  Gloy  ton 


jom-Htmt  Gloy  sal 


Loe -Humic  Gloy  Mil 


Homlc  f(Oy  Mil 


Lmo-  Humio  G%  MU 


Semirecent  river  olluvium  - 


Semirecent  river  alluvium 


Semirecent  river  Diluvium 


Semirecent  rivor  olluvium 


Stmlrocont  rivor  olluvium 


Somirocont  nvor  olluvium 
or  coDuvium 


Tor  roc*  sediments 


Loo-MuMc  Gloy  »  Orey 
Podtetic  omi 


■r^j  tt:  rrjrjgg 

■ 


KroO  PM  re 


Ub  U»on 


Mn  Monorom 


Bo  Boropfte* 


Lp  Lampang 


SO  So*  on 


Gray  Pod  10 Me  toil 


Terraco  sediments  ond  slot 
colluvium 


Bod  -  Toll o*  Podtolic  row 


Torroc*  sediments  ond  romdu< 


Lop  Burt 


Block  GmmoMi 

Rendlina 

Pod  Breen  eenh  to  Broen 
Pore  si  Mil 


Limestone  aHuviun  ond  colluvium 
Colluvia  tod  residegm  from  limes  lor 
Colluvioted  residuum  from  limestoi 
Ccduvioted  residuum  from  tones  to 


Tt  *011 


Bt  Oeeg 


Hod  Broeo  oor«\  to  Broen 
•  *retl  sal 


HeddUH  -  Broen  Latoritic  sml 
to  Hod  Broen  sorthi 


CoMuviated  residuum  from 
prodominoniiy  mteo  scfrtst 

Colluviatod  residuum  from 
|*oUm»  rooks  (ohqlo,andosttp,ttc) 


-Broen  Ik)  ton  Me  soil 


HOd  Wlm*  Bed » Ik  sous, 
•omo  liflmopto. 


Stony  colluvium  ond 
from  acidic  ropks 


Composition 


of  Ko-I,  Np,  PP  ,  Pm  ,  ond  earn#  Yp 


Composition 


Mainly  Ks  ,  Near  BP  (pots 


Meetly  Lp,  Toalatod  it  lends 


Moinly  Ty  (  No  tod  doptfr 


IffMStoltt 


Lower  port  at  sumlitcent  terrace 

Flat  to  slightly  undulating 

Semirecant  river  to  vats 

Ftet  to  slightly  undulating 

Old  ond  Kim  meant  nvtr  lavtas 

Fiot  to  slightly  undulating 

Samirtoant  tarrocs 

Plot  to  slightly  undutotin  i 

Samira  cant  tarroca 

Flat  ip  slightly  undulating 

Sami  meant  tarroca 

Flot  to  slightly  undulating 

Samlracait  terrace - 
peneploirw  tronsitlon 

Flat  to  slightly  undulating 

Low  tarnooa,  partjy  eollu - 

viated. 

Ftat  to  siighCy  undutoting 

Low  tarroca  ,  soma  cotlwvlat 

slopes 

Slightly  undutoting  to  undulating 

Low  'tarrocs  and  colluvial 
slopes 

Flat  to  sllghtlf  undutoting 

High  tarroca,  soma  eolluviol 

slopes 

Slightly  undulating  to  undulating 

Panaploins 

Flat  to  slightly  undulating 

Panapioins 

Unduloting 

Colluvial  siapas 

Undulating  ta  rolling 

Panaploms 

Slightly  undulating  to  undeleting 

Colluvial  slops  t 

Undutoting  ^ta  rolling 

Colluviol  slop*; 

Undulating  ta  railing 

Low  hills  and  knolla 

Rolling 

Apg  -  Btg  Fin#  sandy  loom  to  cloy  loom 

A  —  01  or  Btg  Fm*  yondy  loom  to  cloy  loom  It  p r# 

Laomy  *ond  to  sondy  loom 
Ag  -  Big  (^)  ov#r  c|Qy  |00m  k,  d0y 

Ag  -  Btg  (  Sand  to  toomy  sand  throughout 

Ay  -  Big  (  Cloy  loom  ovsr  cloy 

ig  -  Bg  or  Cg  Cloy 


Mottlsd 

distinct 


Ag  -  Bg  or  Cg  Cloy  Mottisdi 

_ I  strong 

Loamy  sand  lo  sondy  feom  ovsr  Mottlsi 
AlJ  “  0  I0fl#y  loom  lo  sondy  cloy  bom  dl|tine1 

A-Bt  or  Ag-  Btg,iat*rit«  pon  Sondy  loom  to  day  loom 


Mattlod 
rles  loi 


La  my  sond  to  sandy  loom  ov«r 
AI-A2-Bl(«.Oh)orAp-d1  ,ond,  )00nl  l0  sond,  c,oy 


Sondy  loam 


A  -  Cg  or  Ag  -  Ci|  Uiutetmct) 


A  —  C  at  A  -  (B  )  -  C  C  toy 

Al  (  Ap  )  —  A3-B1  or  A  —  Bt  Clay  loom  ovsr 
M(Ap  )  -A3  -BI  or  A  -  Bt  Cioy 


-  B  t 


A  —  Bt 


Loam  ov •  r  clay  loom 


Cloy  loom  ov# r  cloy 


-  Bt  or  A  —  C 


Gravtlly  sandy  loam  ovsr 
grossly  »andy  cloy  loom 


on 

POrtnt  mot* rial 
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